The correlation lengths for concentration fluctuations have been investigated by small-angle neutron scattering as a function of temperature and concentration for the solutions of potassium in potassium bromide. The fluctuations were found to be essentially located above the liquid-liquid miscibility gap. The temperature dependence of the fluctuations on the liquid-liquid critical isochore gives lattice-gas-type critical indices.
I. Introduction
The solutions of alkali metals in their molten salts present an interesting case of electrolyte-to-metal transition (Mott, 1974) , although few of their electronic and magnetic properties are known (BrSnstein & Bredig, 1958 , 1961 , 1962 Arendt & Nachtrieb, 1970; Katz & Rice, 1972; Durham & Greenwood, 1976) . These systems also generally exhibit a liquid-liquid miscibility gap (Br6nstein & Bredig, 1958 , 1961 , 1962 Arendt & Nachtrieb, 1970) , above which concentration fluctuations are expected from simple thermodynamic considerations. The aim of our study is to investigate in detail the effects of these fluctuations on the concentration dependence of the electronic transport properties in the liquid state (Katz & Rice, 1972; Durham & Greenwood, 1976; Cohen & Jortner, 1973 and eventually to see if the electronic delocalization leads to a particular liquid-liquid critical behaviour as shown for other similar systems (Chieux, 1974 (Chieux, , 1975 Chieux & Sienko, 1970) . A first step in the study is therefore a careful determination of the concentration fluctuation correlation length ~ as a function of temperature and composition in the liquid range where electronic delocalization is expected to occur and also in the vicinity of the liquid-liquid critical point. This has been achieved by small-angle neutron scattering experiments.
H. The experimental set-up and data analysis
The small-angle neutron scattering technique, as well as the high-temperature experimental set-up for these highly corrosive liquids, have already been presented elsewhere (Jal, Chieux & Dupuy, 1976; Jal, Guiraud, Chieux & Dupuy, 1977) . The experiments were performed at temperatures between 700 and 1000°C, the liquid-liquid critical point being quoted as 728°C for K in KBr. A thin-walled molybdenum furnace and cell were designed for such a purpose. Temperature stability and gradient over the cell height were better than 0.1 °. We should note that the temperature gradient has been considerably lowered as compared to our previous work (Jal et al., 1976 (Jal et al., , 1977 , by an improved furnace design as well as by the addition of large molybdenum bridges between the heavy top and bottom ends ofthe cell.
The data analysis was performed as usual (Chieux, 1974 (Chieux, , 1975 Jal et al., 1976) . The high-temperature small-angle scattering curve obtained at T= T~ + 200°K, which presents within our experimental accuracy a flat scattering signal for the sample itself, is subtracted from all the other curves. This, to a very good approximation, corrects for the background, the container and the furnace, as well as for the incoherent, multiple and inelastic scattering. At the same time it corrects to first order for the compressibility term which is the slowly diverging part of the neutron coherent scattering in the case of binary mixtures. As a matter of fact, the longwavelength (k = 0) limit (k = 4zt sin 0/2) (20 = Bragg angle) of the neutron coherent cross section may be expressed as: OZG is related to the concentration fluctuations, G is the Gibbs free energy of the system, c~, c2 are the mole fractions of the two constituents. (c~ +c2= 1) and A and B are coefficients depending on the mole fractions, the partial molar volumes and the neutron scattering lengths (see Jal et al., 1976) . At k #0 the coherent neutron scattering signal allows us to obtain the correlation length ~ for concentration fluctuations, since within the statistical errors Scjk) may be ex- More elaborate expressions than the OZ law are usually introduced in the critical regime, involving the critical exponent rt and corrections to scaling (Fisher, 1974) , but within the accuracy of our present data evaluation (1% statistical accuracy on the raw data; see Fig. 1 for typical results) the simple OZ law was always satisfied in the temperature and k range investigated.
Ill. Results and discussion
A general presentation of the correlation lengths for fluctuations as a function of temperature and concentration is given in Fig. 2 . These values, as said above, were obtained from an OZ analysis of the data (Fig. 1) . At low potassium concentration in KBr (i.e. 10-20%) no fluctuations could practically be detectedg the limiting sensitivity for ~ determination being about 5 A. On the other hand, significant fluctuations were observed above the miscibility gap, culminating at about the critical concentration, and approximate lines of equal ~ values could be drawn. The rather large fluctuations observed at 72% potassium concentration were unexpected and need to be confirmed. Of course, an accurate knowledge of the electronic transport properties in the same concentration range is of principal interest and is being investigated. As we see, the concentration fluctuation effects may play a role over a rather large temperature range above the miscibility gap.
A more specific study of the critical properties of this system has been made and great care was taken in the determination of the critical temperature. To this effect the k =0 limit, easily extracted from the OZ fit, is plotted as a function of temperature and the value of T~ is obtained by extrapolating the data taken for T > Tc and T< T~ as enlarged in Fig. 3 (T~=725.5°C to a relative accuracy better than 0.1 °C). The temperature was measured by a thermocouple in a finger immersed in the liquid sample (Jal et al., 1977) . Thermal equilibrium was obtained in mater of minutes and no thermal hysteresis effects were detected in the spectra. The runs were, however, always made on cooling after a high-temperature run to ensure that the sample was well mixed. Fig. 4 . Temperature dependence of the correlation length ~ along the critical isochore.
CONCENTRATION FLUCTUATIONS IN SOLUTIONS OF POTASSIUM IN POTASSIUM BROMIDE
Two critical indices ~, and v are then obtained straightforwardly. The concentration fluctuations may be expressed for small e as ¢=~0 e-~ where e=(T-T~)/T~. The thermodynamic limit S~0~ diverges as e-~. Figs. 4 and 5 show the corresponding log-log graphs. The indices obtained are v = 0-63 _ 0.03 and 7 = ~' = 1.31 + 0.07. The precision quoted corresponds to our present level of data evaluation and will be improved when, among other things, precise figures for densities and partial molar volumes are available. The scattering intensities for T < T~ were obtained from the whole sample and not from the two liquid phases separately. However, experiments at concentrations more concentrated or more dilute than the critical one displayed identical ~ values for the fluctuations along the coexistence curve independently of the volume ratio of the two separate phases. The value of ~0 is 1"58 A and we note from Fig. 4 that a satisfactory description of the temperature dependence of the fluctuations is obtained from the relation ~ = ~0 e-" for practically the whole temperature range investigated on the critical iso- chore. Moreover, it is clear that these data are consistent with a lattice-gas model.
Conclusion
We have achieved a rather good overall description of the concentration fluctuations as a function of concentration and temperature in this system. Even without the results of further refinement it is already clear that the critical properties are different from those of similar electrolyte-to-metal transitions, such as an alkali metal in liquid ND3 where meanfield behaviour is observed (Chieux, 1974 (Chieux, , 1975 Chieux & Sienko, 1970 : Damay and co-workers, to be published) for the fluctuations in the temperature range investigated up to now, i.e. ~: > 1 x 1 O-3 Further work is in progress in order to obtain a more systematic description of the reciprocal effect of electronic delocalization on phase separation in disordered non-metalmetal systems.
